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PRELIMINARY ERROR ANALYSIS FOR MISSION AAP-1/2 

by C a r o l  Kauff'man 

SUMMARY AND INTRODUCTION 

This i n t e r n a l  note presents the r e s u l t s  of  an e r r o r  ana lys i s  study 
of t h e  f i v e  rendezvous p r o f i l e s  for  t h e  Apollo Applications Program ( U P )  
Mission AAP-1/2. This mission involves t h e  rendezvous of t h e  command 
and serv ice  modules (CSM) with a Saturn IVB o r b i t a l  workshop (OWS), which 
i s  i n  a 260-11. m i .  c i r cu la r  o r b i t  i n  a l l  cases.  The f i v e  rendezvous 
techniques a r e  described i n  references 1 and 2; they a r e  t h e  c o e l l i p t i c ,  
biased-equiperiod, out-of-plane , s t ab le  o r b i t  , and e l l i p t i c  approaches. 

This study w a s  made using s i m i l a r  t r ack ing  pa t te rns  f o r  a l l  f i v e  
p r o f i l e s .  Uncertaint ies  were calculated at maneuver t imes and at t h e  
beginning of each period of in te rvehicu lar  t racking.  These uncer ta in t ies  
were found t o  be s m a l l  for a l l  f ive cases;  t h e  30 pos i t i on  and ve loc i ty  
unce r t a in t i e s  a t  terminal  phase i n i t i a t i o n  (TPI) were l e s s  than 4200 ft 
and 4.7 Q S ,  respect ively.  

ANALYSIS 

The onboard computer w a s  assumed t o  be updated by Antigua p r i o r  t o  
N C C ( t ) ;  t h e  NCC s t a t e  vectors were derived from Manned Space F l ight  Net- 
work (MSFN) t racking.  
radar, which measures range, azimuth angle,  and e leva t ion  angle at t h e  
rate of one observation per 6 seconds. 
CSM launch and in se r t ion  and continued u n t i l  approximately 7 minutes 
before  t h e  update t ime; however, no t racking  w a s  assumed during CSM lift- 
of f  through inse r t ion .  

The MSFN tracking of  t h e  OWS used only C-band 

OWS t racking  w a s  begun p r i o r  t o  

The MSFN tracking of t h e  CSM u t i l i z e d  S- and C-band radar s i m u l t a -  
neously. S-band radar takes  range, range r a t e ,  and two angle measure- 
ments. A l l  measurements were taken a t  t h e  rate of one observation per  
6 seconds. 
N C 1  t rack ing  with no a p r i o r i  knowledge f o r  t h e  NCC navigation update. 

The CSM state w a s  assumed t o  have been*determined from post- 

In te rvehicu lar  t racking periods assumed were d i s t i n c t  f o r  each pro- 
f i l e .  The sextant s igh t ing  and CSM maneuver times a re  given i n  t a b l e  I. 
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The data rate for  sextant marks i s  one observation per minute. 

For in te rvehicu lar  t racking ,  an i n i t i a l  W matrix of 1000 f t  i n  
each pos i t i on  component and 1 f y s  i n  each ve loc i ty  component w a s  used. 
An observational variance of .04 mrad' w a s  a l s o  used. 
between t h e  observational variance and t h e  W matrix i s  used t o  r egu la t e  
t h e  amount t h a t  the new da ta  i s  allowed t o  cor rec t  t h e  current estimate 
of t h e  s t a t e  vector. 

(The r e l a t i o n s h i p  

Uncertainties i n  MSF'N t rack ing  r e s u l t  from unce r t a in t i e s  i n  each 
measurement taken, s t a t i o n  loca t ions  , p , and drag. The unce r t a in t i e s  
assumed a re  consistent with reference 3; t he  l a  unce r t a in t i e s  due t o  
drag a re  as follows: 

2 -0 
2 

CSM, f t / s e c  . . . . . . . . . . . . . . . . . .  4.5 X 10 

OWS, f t / s e c  . . . . . . . . . . . . . . . . . .  2 .3  x 10-7 

Uncertainties introduced during in t e rveh icu la r  t r ack ing  were a re- 
sult of uncer ta in t ies  i n  sha f t  and trunnion angles,  IMU uncer ta in ty  due 
t o  i n i t i a l  misalignment and d r i f t  , and unce r t a in t i e s  i n  p , drag, and 
noise on t h e  shaf t  and trunnion angles. These are a l s o  cons is ten t  w i t h  

reference 3; t h e  IMU uncertainty assumed ( l a )  w a s  0.54 X radian i n  
each ax i s .  

RESULTS 

The covariance matrices of t h e  CSM s t a t e ,  t h e  OWS s t a t e ,  and t h e  
r e l a t i v e  state at t h e  CSM maneuver times and p r i o r  t o  each of t h e  pe- 
r iods  of in te rvehicu lar  t racking  a re  presented i n  t a b l e  I1 of t h e  f i v e  
rendezvous p ro f i l e s .  The following t a b l e  summarizes t h e  30 r e l a t i v e  
pos i t ion  and velocity unce r t a in t i e s  at these  t imes.  
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Posi t ion ,  rt 

a 

Velocity,  f'ps 

Y C C ( t )  
BSR( t ) 
YSR(t) + 39 min 

m(t) + 3 min 
m(t) 
TPF 

2340 2.2 
40 50 4.3 
4690 5.4 
2170 2.3 
1990 2.1 
1170 1.2 

N C C ( t )  
NSR( t ) 
NSR(t) + 26 min 
EPM( t ) 
EPM(t) + 54 min 
TPI ( t )  
T P I ( t )  + 3 min 
TPF( t ) 

2.6 
4.7 
5.7 
3.7 
2.8 
3.5 
3.5 

I 3.4 

2480 
4570 
5280 
2480 
2550 
3140 
3110 
3110 

NCC( t )  
NSR( t ) 
NSR(t) + 10 min 
TPI ( t )  
T P I ( t )  + 10 min 
TPF(t) 

2390 2.3 
3970 4 . 1  
4560 4.6 
4200 4.7 
4300 4.8 
1130 1.3 

N C C ( t )  2390 2.3 
NSR(t) 
NSR(t) + 10 min 
T P I ( t )  
TPI ( t )  + 10 min 
TPF(t) 

39 70 4.1 
4560 4.6 
4200 4.7 
4300 4.8 
1130 1.3 
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3240 
5100 
9230 
2460 
2940 
4800 

Event 

3.1 
5.5 
8.6 
3.1 
3.5 
4.9 

30 RSS relat ive state unce r t a in t i e s  

Pos i t ion ,  f t  I Velocity,  0 s  I 
E l l j  

N C C (  t ) 
NSR( t ) 
NSR(t) + 64 min 
T P I ( t )  
TPI ( t )  + 4 min 
TPF 

CONCLUSIONS 

By comparing so lu t ions  a t  TPF, it can be seen t h a t  t h e  sextant  i s  
a more e f f e c t i v e  aid t o  rendezvous f o r  t h e  c o e l l i p t i c ,  s t a b l e  o r b i t ,  and 
out-of-plane approaches than for t h e  biased-equiperiod and e l l i p t i c  o r b i t  
approaches. 
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CSM Inse r t ion  
m ( t )  
N C I ( t )  
N C C ( t )  
NSR(t) 
T P I ( t )  
TPF(t ) 

TABLE I.- CSM MANEWER TIMES AND SCHEDULES SEXTANT SIGHTING 

0 
89 

134 
20 5 
227 
297 
333 

(a) Coel l ip t ic  rendezvous 

Time from CSN i n s e r t i o n ,  
min Event I 

(b) Biased equiperiod rendezvous 

Event r 
CSM i n s e r t i o n  
NH 
N C I  
NCC 
NSR 

Time from CSM i n s e r t i o n ,  
m i  n 

0 
88 

133 
20 5 
227 
291 
386 
422 

Sextant s i g h t i n g  schedule: 21 marks s t a r t i n g  a t  NSR(t) + 26 min 

30 marks s t a r t i n g  at EPM(t) + 54 min 

6 marks s t a r t i n g  at TPI ( t )  + 3 min 
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( c )  Out-of plane rendezvous 

I Event 

0 u t  - of - plane maneuver 
NH 
N C I  
NCC 
NSR 
TPI 1 
TPI 2 
TPF 

Time from CSM i n s e r t i o n ,  
min 

25 
88 

133.3 
203.8 
226.8 

323.8 
292- 5 

346.8 

Sextant s igh t ing  schedule: 2 1  marks s t a r t i n g  a t  NSR(t) + 10.2 min 

10 marks s t a r t i n g  at TPI l(t) + 9.5 min 

( d )  S tab le  o r b i t  rendezvous 

Time from CSM i n s e r t i o n ,  
min Event 

NH 
NC 1 
NCC 
NSR 
TPI 
TPF 

90 
134 
208 
228 
276 
340 1 

Sextant s igh t ing  schedule: 21 marks s t a r t i n g  at NSR(t) + 10 min 

7 marks s t a r t i n g  a t  T P I ( t )  + 10 min 



( e )  E l l i p t i c  o r b i t  rendezvous 

Event Time from CSM inse r t ion ,  
min 

NH 
NC 1 
NCC 
NSR 
TPI 
TPF 

90 
134 
206 
226 

360 
322 

Sextant s igh t ing  schedule: 19 marks s t a r t i n g  a t  NSR(t) + 64 min 

6 marks s t a r t i n g  a t  T P I ( t )  + 4 min 

TABLE 11. - COVARIANCE MATRICES OF CSM STATE, OWS STATE, AND 

a 
FELATIVE STATE 

U U U 0 .  CT u .  xx w XZ xx xi XZ 

u u U u zz zk zf zi 

Symmetrical xx w xz 
Q.. 0.. U.. 

v.. % YZ 

Q.. zz  
~~ 

a 
The coordinate system f o r  the  covariance matrices i s  as follows: 

X i s  i n  t h e  d i r ec t ion  of the geocentric radius  vector of the vehicle  
a t  the  time of t he  event. 

Z is along the  angular momentum vector.  

Y completes t h e  right-handed, rectangular  Cartesian coordinate system. 

me units f o r  pos i t ion  and velocity are feet and f e e t  per  second, respect ively.  
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